Objective. Acute postsurgical pain is common and has potentially negative long-term consequences for patients. In this study, we evaluated effects of presurgery sociodemographics, pain experiences, psychological influences, and surgery-related variables on acute postsurgical pain using logistic regression vs classification tree analysis (CTA).
Introduction
Although high-quality studies have examined factors that affect risk for postsurgical pain, there is no consensus about influences that are most critical to this end. Failures in considering interactions between variables within prediction models may be a key reason for highly variable effects of individual factors from study to study. To address this limitation, we illustrated the use of classification tree analysis (CTA) in identifying patient subgroups at high risk for more intense postoperative pain based on interactions between different presurgery patient characteristics.
As one of the most common problems after surgery [1, 2] , intense acute postoperative pain can hinder functional recovery [3, 4] , magnify affective distress [5] , and increase risk for developing chronic postsurgical pain [6] [7] [8] .
Pathogenic mechanisms underlying the V C 2018 American Academy of Pain Medicine. All rights reserved. For permissions, please e-mail: journals.permissions@oup.com development of severe acute postsurgical pain are hypothesized to include sociodemographic influences [9, 10] , presurgery pain experiences, surgery-related variables [11] [12] [13] , and psychological factors [9, 14, 15] . Of these, presurgery psychological functioning can have effects that are comparable to or greater than the impact of presurgery pain experiences.
Carefully designed, well-executed studies [14, [16] [17] [18] [19] and far-ranging reviews [20, 21] have identified specific presurgery psychological influences that predict risk for intense acute postsurgical pain, but effects are often inconsistent. For example, regarding emotional distress, some authors have found that depression contributes to increasing acute postsurgical pain [14, 22, 23] while others have not [12, 15, 24] . Presurgery anxiety and/or fear have also emerged as significant predictors for acute postsurgical pain in some studies [16, 19, [25] [26] [27] , though nonsignificant associations are not uncommon [24, 28, 29] . Pain catastrophizing has been linked to more intense acute postoperative pain in some studies [16, 28, 30] while others have found no such evidence [26, 31] . Variable effects have also been documented regarding "protective" psychological factors such as pain self-efficacy (PSE), which reflects individual differences in beliefs about one's capacity to control pain without medication and/or function despite pain [32, 33] . Although presurgery PSE elevations can predict decreases in postsurgical pain [34] , null effects have also been observed [35, 36] .
A majority of associated studies have used conventional analysis procedures such as logistic regression analysis (LRA) to assess independent contributions of these and other predictors on postsurgical pain. Typically, interactions between predictors have been omitted to reduce complexity and lower the overall number of factors in prediction models. Notwithstanding the role of measurement and design differences on effect size heterogeneity [37, 38] , the practice of excluding interaction terms from prediction models may be another key reason why effects of hypothesized psychological risk factors have been highly variable. To date, few surgery studies have examined interaction effects directly. However, George et al. [39] reported that presurgery pain catastrophizing predicted increased postsurgical pain only among patients with low COMT gene disposition activity, while no effect was observed for cohorts with high activity for this diplotype. Pinto and colleagues [17] found that elevations in presurgery optimism predicted reduced acute postsurgical pain for patients undergoing major joint arthroplasty but not those undergoing abdominal hysterectomy. This finding parallels findings from a recent meta-analysis of 47 longitudinal studies in which type of surgery moderated the impact of presurgery emotional distress on postoperative functional impairment [21] .
These results underscore the possible role of interactions between psychological influences and other factors on postoperative pain. However, due to the large number of potential presurgery predictors of postsurgical pain measured in typical multivariate studies, attempts to account for all possible interactions among sociodemographic, clinical, and psychological predictors using traditional analytic methods such as LRA would be unwieldy. Alternative nonparametric methods including classification tree analysis (CTA) assume that interactions are the rule, not the exception; by using a method of recursive partitioning, these strategies can model multilevel interactions that would be both cumbersome and impractical to examine with traditional regression approaches [40] . Consequently, CTA facilitates the identification of clearly defined, mutually exclusive population subgroups whose members share characteristics that predict particular outcomes of interest [41] . Furthermore, CTA does not require the assumption of normality to be met [42] and has been found to have accuracy superior to logistic regression when sample sizes are large [43] . Finally, CTA requires a lower computation burden and generates results that are more easily interpretable than those of other machine learning methods such as neural network [44, 45] .
Despite their potential utility, CTA studies have appeared only fleetingly in the literature on pain. Illustrative research has employed CTA to identify lower-and higherrisk subgroups for colon cancer [40] , chronic pain [46, 47] , morbidity following lung surgery [48] , poor recovery after prostatectomy [49] , and inguinal dissection [50] . However, we found no CTA studies designed to identify patient subgroups at lower vs higher risk for intense postoperative pain based on interacting presurgery and surgery-related factors.
Based on the preceding review, this prospective study examined presurgery (T1) and surgery-related predictors of lower and higher postoperative (T2) pain severity levels 48 to 72 hours after surgery. Initially, we used an LRA to identify unique individual predictors of postoperative pain severity. Subsequently, CTA was performed to identify significant interactions between predictors and patient subgroups having lower vs higher acute postoperative pain levels.
Method

Participants and Procedure
The study was conducted at Chongqing Number 9 Hospital, Chongqing, China, and approved by the Human Research Ethics committees of the hospital and affiliated university. Consecutive patients, aged 18 years or older, were recruited from the general surgery, gynecology, and thoracic departments between January 2015 and April 2016. Exclusion criteria included age younger than 18 years, illiteracy, and presence of a psychiatric diagnosis or current neurological condition that interfered with comprehension or communication (e.g., dementia). In addition, patients undergoing abortions, dental surgeries, or outpatient procedures were excluded.
Willing patients completed an informed consent and presurgery assessment battery, described below, From the initial sample of 266 patients who completed the presurgery battery, data from five patients were withdrawn because surgery was canceled. Two other patients refused to complete the acute postsurgery assessment and were excluded. Hence, the final sample included 259 patients.
Measures
Sociodemographic and Medical Information
Age, gender, marital status, number of children, educational level (less than high school completion vs high school completion or higher), body mass index (BMI) based on weight (kg)/height (m 2 ), and current worker's compensation based on the receipt of governmentsupported financial assistance due to a job-related injury (no vs yes) were assessed. Medical information included estimated onset of medical condition (in weeks), number of previous surgeries, pain related to surgery site (no vs yes) and its duration in weeks, pain unrelated to surgery site (no vs yes) and its duration in weeks, and use of analgesic medication to control presurgery pain (no vs yes).
Pain Catastrophizing Scale
The 15-item Pain Catastrophizing Scale (PCS) assesses features of pain catastrophizing including rumination, magnification, and helplessness, with items rated from 0 (never like that) to 4 (always like that) and summed to calculate total scores [51] . The scale has been used previously and found to have satisfactory psychometrics in Chinese samples [52] . In this study, the total PCS had an alpha of 0.89.
Surgical Fear Questionnaire
The eight-item Surgical Fear Questionnaire (SFQ) includes four-item short-term and four-item long-term surgery fear subscales, with items rated from 0 (not at all afraid) to 10 (very afraid) and summed to attain total subscale scores [53] . PCA in this sample fully replicated the original factor structure with long-term and shortterm fear components, respectively, explaining 52.08% and 15.31% of the total variance. Alphas were 0.78 (short-term) and 0.88 (long-term) in this sample.
Hospital Anxiety and Depression Scale-Depression
The seven-item Hospital Anxiety and Depression Scale (HADS) Depression subscale assessed presurgery depressive symptoms. Items (e.g., reverse-scored "I still enjoy the things I used to enjoy") were rated from 0 to 3 and summed, with higher total scores indicating more depressive symptoms [54] . This scale has had satisfactory psychometrics in past work with Chinese samples [55] . In this sample, its alpha coefficient was 0.75.
Pain Self-Efficacy Scale
The 10-item Pain Self-Efficacy Scale (PSEQ) assessed patients' confidence in their capacity to accomplish a range of activities despite pain. Items were rated from 0 (not at all confident) to 6 (completely confident) and summed; higher total scores reflected more pain selfefficacy [33] . The PSEQ has an equivalent factor structure as well as evidence of satisfactory reliability and validity in Chinese pain patients [56] . Its internal consistency was a ¼ 0.84 in this sample.
DN-4
This 10-item instrument evaluated the presence of neuropathic pain. Seven items assessed sensory pain experiences (e.g., burning, numbness, "pins and needles") via forced choice (no vs yes) [57] . The other three items examined sensitivity to touch or pricking [16, 57] from a soft brush and Von Frey hair (#14, 5.07 N), respectively. Following Bouhassira et al. [57] , one point was given for each affirmative response; patients who scored !4 were classified as having neuropathic pain characteristics. The DN-4 had an alpha of 0.70 for this study.
Surgery Information
Surgery type and duration, general anesthesia or local anesthesia (epidural/spinal cord anesthesia or tissue infiltration), and use of patient-controlled analgesia (PCA; no vs yes) were obtained from medical records. Standard PCA parameters comprised a 100-mL intravenous infusion of sufentanil (100 ug), pentazocine (150 mg), and tropisetron (5 mg) with loading dose (2 mL), background infusion (2 mL), lock-out delay (60 minutes), and demand dose (0.5 mL), but varied slightly based on patient age and condition.
Brief Pain Inventory-Short Form-Intensity
Pain intensity was assessed by Brief Pain InventoryShort Form (BPI-SF) items assessing 1) average and 2) worst pain during the past 24 hours, and 3) current pain. Each item was rated from 0 (no pain at all) to 10 (most severe pain) [58] . Responses were summed and averaged to calculate total presurgery (T1) and acute postoperative (T2) pain intensity levels. Research on Chinese samples has found that these items load together on the same component [59, 60] . In this sample, pain intensity alphas were 0.80 (T1) and 0.87 (T2).
Design and Data Analysis
All data were analyzed using SPSS version 20.0.
In analyses of presurgery predictors for acute postoperative pain, scores on the continuous measure of T2 pain intensity were transformed following the recommendation of Pinto et al. [16] . Specifically, membership within lower vs higher acute postoperative pain intensity subgroups was based on having mean T2 pain intensity scores, respectively, <4 vs !4. Then, an LRA was performed to assess "main effects" contributions of presurgery predictors on acute postoperative pain intensity levels. Variance inflation factor (VIF) values for each independent variable were calculated to assess multicollinearity; variables were included when their VIFs were less than 3 [16] .
To examine interactions of presurgical predictors on T2 pain, a CTA was performed. As noted above, CTA is a nonparametric method used to identify mutually exclusive subgroups from a population. Members of identified subgroups share a common characteristic that influences the dependent variable [41, 42] . Classification trees are initiated, with one node, called a parent node, that comprises the entire sample. CTA then examines all independent variables and selects the one that can differentiate the dependent variable most strongly. In this way, the parent node branches into two child nodes. Subsequently, within each of the two child nodes, CTA runs recursively until all child nodes are homogeneous and cannot be split further [41] .
In the present analysis, acute postoperative (T2) pain intensity (lower vs higher) was the criterion measure following Pinto et al. [16] ; potential predictors included all presurgery sociodemographics, clinical factors, and psychological measures. All cases were included in the parent node. Next, a Gini improvement measure was employed to determine splitting for the parent node. This is the most commonly used method for determining the split for categorical dependent variables; larger values indicate larger differences between two subgroups [41, 42] . The independent variable with the largest Gini value was selected as the splitting variable. Each child node was further divided into two child nodes using the Gini measure with further recursive divisions following until all nodes terminated.
To avoid overfitting of the tree, three termination rules were determined on an a priori basis: First, the termination criterion for the terminal node was an observed value of the minimum node size equal to 10, in line with the criterion from previous studies [46, 61] . Second, the minimum value of Gini measure could not be smaller than 0.001 [41] . Third, the maximum number of levels for the tree was set as 5. In addition, a 10-fold crossvalidation method was used to determine tree pruning [42, 62] . This method divided the data into 10 mutually exclusive subsets. Each subset was treated as a test data set, and the remaining nine subsets were treated as learning data sets. The tree with the smallest deviance was selected as the optimal size. Once the predicted probability for each node was obtained from CTA, 95% confidence intervals were calculated following Lemon et al. [41] .
Finally, LRA was used to assess the reliability of CTA results. The initial LRA assessed the reliability of predicted probabilities and associated 95% confidence intervals for each CTA terminal node; hence only significant CTA interactions were included. Second, stepwise LRA based on the CTA model algorithm were run to evaluate the replicability of the CTA nodes and interactions. Predicted probabilities and associated 95% confidence intervals from LRA were compared with CTA results [41] .
Results
Sample Characteristics
The final sample comprised 175 women and 84 men with a mean age of 49.41 years (SD ¼ 13.46 years). The majority of patients were currently in a relationship (90%) and had one child (60%) or no children (11%). A majority also reported completing less than high school education (62%). Before surgery, 51% (N ¼ 131) reported pain in the body site of their upcoming surgery for a mean duration of 26.03 weeks (SD ¼ 108.29 weeks). In addition, 107 patients had at least one past surgery (M ¼ 0.60, SD ¼ 0.57, range ¼ 0-8). The DN-4 assessment identified 22 patients with possible neuropathic pain. Only 3% of patients were currently receiving worker's compensation.
Regarding surgical procedures, 99 patients underwent cholecystectomy, 84 underwent hysterectomy, 18 underwent hernia repair, 13 underwent thyroidectomy, 11 each underwent body surface mass excision and vein ligation, and eight underwent rectum resection. Appendectomy (N ¼ 2) and mastectomy (N ¼ 2) were other procedures, with one patient each undergoing mandibular fracture fixation, humerus fracture reduction, parotidectomy, alveolar resection, colostomy, angioplasty, gastrectomy, and hepatic resection. For analyses, surgeries were reclassified into three subgroups (cholecystectomy vs hysterectomy vs other). Typically, patients underwent general anesthesia (88%) rather than local anesthesia (12%). The mean surgery duration was 113.38 minutes (SD ¼ 70.64 minutes). Two to three days after surgery, 66% of the sample used PCA.
Predicting Postoperative Pain Intensity with Logistic Regression Analysis
The initial LRA indicated that neither sociodemographic variables nor surgery-related factors predicted acute postoperative pain subgroup membership (Table 1) . However, patients with lower presurgery pain selfefficacy (PSE) levels were significantly more likely than peers with higher PSE scores to report severe acute postoperative pain ( Table 1 ). The Hosmer-Lemeshow Goodness of Model Fit statistic (H-L test) showed a statistical trend (v 2 ¼ 14.55, P ¼ 0.068). Although the effect was not significant, the H-L test has low power, particularly when the number of covariates is high [63] . In this context, it was possible that observed and expected event rates did not fit. Therefore, possible interactions of presurgery sociodemographic, clinical, and psychological factors were also considered in the prediction of acute postoperative pain.
Predicting Postoperative Pain Intensity with Classification Tree Analysis
Subsequently, a CTA designed to identify patient subgroups from significant interactions among predictors generated a tree with five terminal nodes (Figure 1) . The generated tree resulted in the correct classification of 60% of patients, including 93% of those who reported more severe postoperative pain.
Dovetailing with LRA results, pain self-efficacy was identified as the primary independent variable selected for splitting (Gini ¼ 0.023). For this node, 79% of patients who reported lower presurgery pain self-efficacy levels ( 43.50) were members of the higher postoperative pain intensity subgroup (95% CI ¼ 65-93%). Second, the higher presurgery pain self-efficacy group was split further by disease onset (Gini ¼ 0.016). Within this subgroup, 85% of patients who had brief disease durations of less than one week ( 0.86 weeks) were at high risk for more severe postoperative pain (95% CI ¼ 65-100%). Third, presurgery pain catastrophizing level emerged as a factor that differentiated members of the longer disease duration subgroup (Gini ¼ 0.012); 76% of patients who reported lower presurgery pain catastrophizing scores ( 3.50) were members of the lower acute postoperative pain intensity subgroup (95% CI ¼ 58-92%). Finally, the higher pain catastrophizing subgroup was further split by body mass index (BMI) level (Gini ¼ 0.012); only 10% (95% CI ¼ 0-29%) of patients with lower BMIs ( 18.98) experienced more severe acute postoperative pain intensity compared with 50.0% (95% CI ¼ 43-58%) of those with higher BMIs. The CTA analysis was terminated at this point, with no additional splits emerging for either less or more severe pain subgroups.
Supplementary Analyses: Replication of Classification Tree Analysis Results
In an LRA based on the cutoff of the first splitting variable, presurgery pain self-efficacy was transformed into a binary variable (0 43.50 vs 1 > 43.50) and entered. Based on the cutoff of the next splitting variable, disease onset was transformed (0 0.84 vs 1 > 0.84), and the pain self-efficacy Â disease onset interaction was then entered into the equation. Third, presurgery pain catastrophizing was transformed (0 3.50 vs 1 > 3.50), and the pain self-efficacy Â disease onset Â pain catastrophizing interaction was entered into the model. Last, BMI was transformed (0 18.98 vs 1 > 18.98), and the interaction of pain self-efficacy, disease onset, pain catastrophizing, and BMI was entered in the LRA. Observed probabilities and 95% CIs from LRA were remarkably similar to CTA results, indicating a high degree of replication between CTA and the initial LRA (Table 2 ).
In the subsequent stepwise LRA, independent variables were the four main effect terms (i.e., binary presurgery PSE, disease onset, pain catastrophizing, BMI), as well as each two-way, three-way, and four-way interaction term. Weighted predicted probabilities and associated 95% CIs were calculated to compare the stepwise selection logistic regression results to the CTA model. For Node 1, in which patients reported low pain selfefficacy, CTA did not split further. However, the probability obtained in the stepwise LRA was very different with respect to patients with shorter disease durations (97.4%), patients with longer disease durations and lower pain catastrophizing scores (65.7%), those with longer disease durations, higher pain catastrophizing scores, and lower BMIs (56.4%), and those with longer disease durations, higher pain catastrophizing scores, and higher BMIs (82.5%) ( Table 2) . This difference reflected the use of an a priori termination rule in CTA (i.e., terminal nodes of no fewer than 10 patients). The weighted probability obtained from stepwise LRA replicated that of the CTA model. For Node 2, in which patients reported higher PSE scores and very brief disease durations, CTA did not result in a further split based on pain catastrophizing scores or BMIs. In contrast, stepwise LRA resulted in different probabilities for those patients with lower pain catastrophizing scores ( 3.50; 75.6%), those with higher pain catastrophizing scores (>3.5) and lower BMIs (0 18.98; 67.6%), and those with higher pain catastrophizing scores (>3.5) and higher BMIs (>18.98; 88.4%). The weighted probability obtained from stepwise LRA (85%, 95% CI ¼ 65-100%) was nearly identical to that of the CTA model (85%, 95% CI ¼ 65-100%).
CTA and stepwise LRA results were also comparable for Nodes 3 and 5. Patients who reported higher presurgery PSE scores, longer disease duration, and Predictors of Acute Postsurgical Pain low pain catastrophizing scores were at lower risk for membership within the more severe acute postoperative pain subgroup. In addition, patients who reported higher presurgery PSE scores, longer disease duration, more presurgery pain catastrophizing, and higher BMI levels were equally likely to be members of higher vs lower acute postoperative pain subgroups. In contrast to other nodes, CTA and stepwise LRA results diverged more obviously for Node 4. The predicted probability and 95% CI obtained for stepwise LRA (20%, CI ¼ 0-45%) differed from that of the CTA model (10%, 95% CI ¼ 0-29%) for Node 4, indicating that estimates for this node were less reliable between the two analysis approaches.
Discussion
In this study, we investigated predictors of acute postoperative pain based on one widely used analysis procedure, logistic regression, and an alternative strategy designed to identify interacting influences on outcomes, classification tree analysis. Using each strategy, patients with higher levels of presurgery self-efficacy in functioning despite ongoing pain tended to report less severe acute postoperative pain. This finding aligns with past research linking presurgery elevations in pain self-efficacy [34, 64] or general experiences of optimism [17, 18] to decreases in postoperative pain. For example, Vranceanu and colleagues [34] reported that patients who endorsed stronger pain self-efficacy beliefs prior to hand surgery experienced less pain 10 to 14 days after surgery. Pinto et al. [18] found that more generally optimistic total knee arthroplasty patients also tended to report lower levels of acute postsurgical pain following surgery. Early laboratory research suggests that facilitated endogenous opioid release is one mechanism by which self-efficacy dampens the severity of acute pain [65] . In addition, clinical pain research has found that elevations in pain self-efficacy may facilitate the use of distraction or acceptance-based pain coping strategies [33, 66, 67] rather than pain-focused strategies such as catastrophizing [34, 38] . One implication that follows from this body of evidence is the potential value of including proactive interventions to increase pain selfefficacy beliefs prior to and/or shortly after surgery among patients for whom such deficits are evident. Bandura [68] concluded that interventions that provide graded mastery experiences, featuring graduated performance of specific goal behaviors, are the most effective strategies for increasing self-efficacy. Within clinical pain samples, cognitive-behavior therapies that include graded activity and graded exposure as specific treatment components have been found to increase pain self-efficacy via direct experience [69, 70] . Education interventions comprising information about pain and practice in pain coping strategies and breathing have also been found to increase pain self-efficacy and reduce acute pain among surgery patients [71] .
Pain self-efficacy was the only significant predictor of acute postoperative pain in LRA and the most prominent influence in CTA. However, the latter analysis provided more nuanced information regarding conditions under which elevations in pain self-efficacy contributed to less vs more severe acute postoperative pain. For example, 85% of patients who reported elevations in pain self-efficacy and disease durations of less than one week actually reported more rather than less severe acute postoperative pain. A majority of this subgroup (62%) underwent cholecystectomy compared with the Predictors of Acute Postsurgical Pain lower overall proportion of cholecystectomies performed in the entire sample (38%). Cholecystectomies are typically undertaken for acute gallbladder disease [72] , frequently on an emergency basis with little notice [73, 74] . In the context of potential crisis situations that afford less opportunity for preparation, it is plausible that elevations in pain self-efficacy have fewer buffering effects. In addition, Bandura et al. [65] argued that self-efficacy can decrease pain severity by diverting attention to competing experiences. However, in situations appraised as acute threats, attention diversion from pain can be impaired while catastrophizing tendencies are amplified [75] [76] [77] .
CTA also indicated, within the subgroup that reported relative elevations in pain self-efficacy and longer disease durations, that a majority of those who reported lower levels of presurgery pain catastrophizing (76%) experienced less severe pain after surgery. Other studies [12, 16, 78] have documented links between decreases in presurgery pain catastrophizing and less severe acute postoperative pain. Moreover, a recent meta-analysis found that pain catastrophizing had particularly strong associations with postoperative pain intensity and impairment compared with several types of emotional distress [21] . Such evidence illustrates how features of pain catastrophizing including rumination about pain, helplessness in managing pain, and magnification of pain before surgery affect recovery courses. CTA underscored how a majority of patients in the subgroup that held stronger presurgery pain self-efficacy beliefs in tandem with decreased pain catastrophizing experienced less severe pain following surgery. As such, interactions between self-efficacy and catastrophizing merit more consideration in analyses of risk/protective factors for acute postoperative pain. Furthermore, because beliefs in personal ineffectiveness underlie low pain self-efficacy and high pain catastrophizing [79] , effects of interventions to reduce such perceptions before or shortly after surgery warrant more attention in future work. Once again, however, cognitive-behavioral approaches that include 1) education about the nature of pain and consequences of inactivity, 2) coping skills training (e.g., relaxation response, thought stopping, reframing) to manage catastrophic thinking, and 3) actual skill applications in patients' daily lives have promise as interventions that effectively reduce pain catastrophizing in clinical pain samples [80] [81] [82] .
CTA indicated that, within the patient subgroup having higher pain self-efficacy scores, longer disease durations, and elevations in pain catastrophizing, 90% of patients whose BMI was 18.98 or lower reported less severe postoperative pain. Though this finding seems impressive on the surface, it was based on only 10 patients. In contrast, 50% of patients who reported higher pain self-efficacy, longer disease durations, higher pain catastrophizing scores, and a BMI above 18.98 were members of the more severe acute postsurgical pain subgroup, a result that illustrates how BMI did not reliably predict postoperative pain severity levels beyond a chance level in a majority of patients. The latter finding aligns with highly inconsistent results of past research on links between BMI and postoperative pain severity [10, [16] [17] [18] 24, 83] . Furthermore, all CTA results were replicated in supplementary LRA, with the exception of those related to BMI. As such, statements about the apparently protective effects of a lower BMI in a small patient subgroup are unfounded in the absence of further supporting evidence.
Finally, the CTA model correctly identified 60% of the postoperative pain severity subgroups based on five presurgery indices. The overall classification accuracy rate was similar to accuracy rates of about 60% observed in other published CTA studies of risk factors for colon cancer [40] , temporomandibular disorders [84] , and cardiovascular disease [85] . Parsing this data further, the final CTA model based on presurgery pain selfefficacy, pain catastrophizing, disease duration, and BMI information was somewhat useful in identifying patients who later experienced more severe acute postoperative pain with an accuracy rate of 93%. On the other hand, these measures were poor in predicting membership within the lower acute postoperative pain severity subgroup; only 27% of cohorts within this subgroup could be identified from responses on the four presurgery indices. As such, the overall classification pattern suggested a final CTA model biased toward classifying patients as having a higher risk for severe rather than less severe postoperative pain. Due to the paucity of research employing CTA in the context of postoperative pain, follow-up studies with other surgery patient samples are needed to draw firm conclusions from the present results. However, one general hypothesis suggested by the dramatically different results for pain severity subgroups is that independent sets of factors, including some that were not assessed in this study, predict more vs less severe postoperative pain intensity levels.
The present study bolstered evidence for the protective role of presurgery pain self-efficacy as well as complex interactions between pain self-efficacy and other presurgery variables (i.e., disease onset, catastrophizing, BMI) as influences on acute postoperative pain severity and illustrated the potential of CTA as a means of identifying interactive presurgery influences on acute postoperative pain. These strengths aside, two limitations of this study warrant some elaboration. First, because a large proportion of the sample comprised cholecystectomy and hysterectomy patients, results may not generalize to more diverse surgery samples or those with specific conditions that were not assessed in this research (e.g., back surgery). On a second related note, CTA has been used primarily as a "data-driven" approach to analyses. Hence, identified interaction effects and "cutoffs" may be optimal within the sample at hand but do not necessarily extend to other samples. On one hand, effects such as those based on the pain selfefficacy Â pain catastrophizing interaction appear to have important implications for theory generation and testing as well as intervention [79, 81] . However, CTA and other techniques that draw upon stepwise procedures are susceptible to generating prediction models that apply very well to a particular sample but have limited external validity. Although predefined cutoffs are a potentially useful alternative, cutoffs established from general or possibly quite different samples may be less than optimal when they are applied arbitrarily to other problems or populations. Ultimately, the identification of robust interacting influences on postoperative pain is likely to be facilitated by the generation of more theory-guided tests in tandem with the gradual accumulation of interaction effects that emerge from data-driven research approaches.
In sum, this study may be the first to illustrate the use of classification tree analysis in identifying interactions among presurgery sociodemographic factors, pain experiences, and psychological influences that have implications for postoperative pain severity levels. Results underscored the potential protective role of pain self-efficacy as well as its interactions with disease onset, pain catastrophizing, and BMI in identifying patient subgroups with reduced vs increased risk for severe acute postsurgical pain. Replication studies and future research that incorporates other theorybased predictors within CTA approaches are recommended in efforts to identify robust interacting influences on recovery following surgery.
